ABSTRACT
INTRODUCTION
A non linear optical (NLO) material plays a crucial role in the laser technology, optical communication and electro optic modulation [1, 2] . Materials with good non linear optical susceptibilities and high laser damage threshold value are needed for these applications. There are many works carried out to synthesis NLO materials. In the present work, improving quality of a NLO material Zinc tris Thiourea Sulphate (ZTS) crystal with molecular formula Zn(NH 2 CSNH 2 ) 3 SO 4 has been done successfully by mixing of phosphate. ZTS belongs to orthorhombic system with point group mm2 and space group Pca2 1 . SHG efficiency of ZTS is 1.2 times is that of KDP [3] . The growth and characterization of ZTS were reported in a number of recent papers [4] [5] [6] . Jayavel et al reported substitution of phosphate with ZTS improves its properties [7] . It is of interest to us to investigate the effect of high level mixing of phosphate ion with ZTS. Hence, we report the property change of ZTS crystals due to high level phosphate mixing.
EXPERIMENTAL

Synthesis
The ZTS was synthesized from zinc sulphate heptahydrate and thiourea taken in the ratio of 1:3 by the following reaction
The solution of zinc sulphate heptahydrate was added to the solution of thiourea, the mixture had to be stirred vigorously to avoid precipitation of other phases. The resultant precipitate of ZTS was dried. The salt was purified by repeated recrystallization process by using double distilled water as solvent. The ZTS solution was prepared and maintained at 36 o C in a constant temperature bath with an accuracy of ±0.01 o C with continuous stirring to ensure homogeneous temperature concentration over the entire volume of the solution. The transparent colourless ZTS single crystals were grown in a period of 40 days by using slow evaporation technique. In the ZTS solution, the phosphoric acid was dissolved with different molar concentration (10 and 25 mol %). Phosphate mixed ZTS solutions are also allowed to slow evaporation by using the above condition. The good quality phosphate mixed ZTS crystals were harvested in the same period.
Characterization
The grown ZTS and 10 and 25 mol % of phosphate mixed ZTS single crystals were subjected to various characterization techniques like single crystal XRD, Fourier transform infrared (FTIR), UV-Vis-NIR, microhardness and non linear optical studies. The single crystals of ZTS and 10 and 25 mol % of phosphate mixed ZTS have been subjected to X-ray diffraction studies using an ENRAF NONIUS CAD4 X-ray diffractometer to determine the unit cell parameters. The FTIR spectra were carried out using Perkin Elmer RX1 spectrometer. The UV-Vis-NIR spectral studies were studied using Lambda 35 spectrometer in the range 190-1100 nm. The Vickers hardness measurement was made on the crystals using Shimadzu (Japan) HMV-2 hardness tester. SHG test has been studied by Kurtz powder technique.
RESULTS AND DISCUSSION
Single Crystal X-ray Diffraction
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The effect of phosphate mixing on structural 473 There is a slight increase in the cell volume of phosphate mixed ZTS when compared to pure ZTS crystals. This shows that phosphate ions are entered into the ZTS crystal lattice.
FTIR Spectral Analysis
In ZTS compound, there are three thiourea groups and one sulphate ion. Each thiourea group consists of one carbon atom bonding to one sulphur and two nitrogen atoms. Each of the nitrogen atoms in thiourea is connected to two hydrogen atoms. Zinc ion is tetrahedraly coordinated to three sulphur atoms of thiourea and to an oxygen atom of sulphate ion [8] . The FTIR spectra of pure ZTS and 10 and 25 mol % of phosphate mixed ZTS were recorded in the range 450-4000 cm -1 and they are shown in Fig. 1(a-c) . The spectra of ZTS and phosphate mixed ZTS crystals can be interpreted as follows: The N-H absorption frequency in the region between 3000 cm -1 and 4000 cm -1 arises due to symmetric and asymmetric vibration of NH 2 group of the zinc coordinated thiourea [8] . The bending vibration of NH 2 was observed around 1627 cm -1 [9] . The C-N and N-C-N stretching vibration are observed near 1114 cm -1 and 1510 cm -1 , respectively [8] .
The symmetric and asymmetric stretching vibration of C=S was observed around 714 cm -1 and 1401 cm -1 , respectively [10] . The symmetric and asymmetric bending vibration of N-C-S was observed near 474 cm -1 and 617 cm -1 respectively. The asymmetric bending vibration of N-C-N was observed near 530 cm -1 [8] . The presence of peaks near 1000cm -1 confirms the presence of sulphate ion in the coordination sphere. The observed additional peaks near 1200 cm -1 clearly confirms the presence of phosphate in the coordination sphere [7] . The observed vibrational spectra of phosphate mixed ZTS crystals are similar to the vibrational spectra of pure ZTS crystal and only very slight frequency shifts are observed. The tentative assignments of recorded FTIR spectra are given in table 2. 
UV-Vis-Nir Spectral Analysis
The optical absorption spectra of ZTS and phosphate mixed ZTS single crystals were recorded in the range 190-1100 nm. These are shown in the Fig. 2(a-c) . The wide transmission in the region Vol.11, No.5
The effect of phosphate mixing on structural 475 300-1100 nm is an advantage as it is the key requirement for NLO application. The spectra of absorption show that all of three crystals have lower cut off wavelength at around 300 nm. The peak in the range 195 to 300 nm, in pure ZTS and phosphate mixed ZTS crystals is due to π-π* transitions of thiourea. 
Microhardness Studies
The Vicker microhardness test was performed on ZTS and phosphate mixed ZTS single crystals. Hardness measurements were taken for different applied loads. Vicker's Hardness Number (VHN) was calculated for the samples by using the relation Hv =1.8544 P/d 2 Kg mm -2 . Here, Hv is Vicker's Hardness Number, P is applied load in Kg and d is average diagonal length in mm.
The tests showed that phosphates mixed ZTS crystals are stronger than pure ZTS crystals. Fig. 3 . shows value of Hv increases with increase on load up to 200 gm and then attains saturation. Increases in hardness value of phosphate mixed ZTS crystals are due to the addition of phosphate in the crystal lattice. The degree of negative charge of phosphate ion is high and it improves bonding between phosphate ion and others. Hardness values are increased when the percentage of phosphate addition increases. The increase in the hardness value of phosphate mixed ZTS single crystals proves it to be a good engineering material for the fabrication of devices for NLO process. 
Second Harmonic Generation Studies
Second Harmonic Generation (SHG) test for the powder samples of pure ZTS and phosphate mixed ZTS have been studied by kurtz powder technique. In this method the powder samples were illuminated using Nd:YAG laser emitting a fundamental wavelength of 1064 nm. The second harmonic generation was confirmed by the emission of green radiation by the crystal samples with the output power of 27, 32 and 25 mV for pure ZTS and 10 and 25 mol % of phosphate mixed ZTS respectively. The results are shown in table 3. The π orbital electron delocalization in thiourea due to mesomeric effect is the reason for the non linear optical response of ZTS and phosphate mixed ZTS crystals. As the degree of negative charge on oxygen of phosphate is more than oxygen of sulphate, phosphate may coordinate better than sulphate. This shows that the bonding between the zinc and oxygen of phosphate is stronger. This may weaken the interaction of zinc with thiourea in phosphate mixed ZTS and hence the delocalization of the electronic cloud between the zinc and sulphur of thourea is hindered. This could be the reason for the change in the SHG efficiency of phosphate mixed ZTS crystals compared to pure ZTS crystal. Efficiency of NLO property increases upto 18 % in l0 mol % of phosphate mixed ZTS crystal compared to pure ZTS. The effect of phosphate mixing on structural 477
CONCLUSION
Single crystals of pure ZTS and 10 and 25 mol % of phosphate mixed ZTS have been grown by slow evaporation method. Single crystal XRD studies reveal that no structural change in phosphate mixed ZTS crystals. The presence of functional groups in grown crystals is identified by FTIR spectral analysis. UV-Vis-NIR spectra shows broad transparency of pure ZTS and phosphate mixed ZTS crystals lies between 300nm and 1100nm. Vicker hardness test show increase in the hardness value of phosphate mixed ZTS crystals due to addition of phosphate in ZTS lattice. SHG test reveals that 10 mol % of phosphate mixed ZTS crystal has greater SHG efficiency than pure ZTS. Hence, it is concluded that due to its wide transparency range, high hardness and greater SHG conversion efficiency 10 mol % of phosphate mixed ZTS crystal can be a good engineering material for fabrication of nonlinear optical devices.
